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INRTRODUCTION

Since the advent of the positive ion accelerator in 1932
there has been a great need for an ion source which has the following
characteristics:

1., Stability and long life

2. large beam current

3. Low gas consumption

4, A high ion percentage

5. Simplicity of construction
6. Low power consumption

T« Compactness

There are several types of positive ion sources which exhibit
most of the above properties. There is the canal rey tube, which is
the type that was used on the first accelerator envisioned by
Drs. Cockeroft and Walton in 19307, the capillary arc, the reflection
type with magnetic field, and the electrodeless discharge type.

The basic design of the Moak radio-frequency ion source is
classified as an electrodeless discharge type. With the exception of
a few modifications, the ion source used on the Virginia Polytechnic
Institute 250 Kev Cockcroft-Walton accelerator is a Moak type source.

Recently there has been great interest shown in using
accelerators as pulsed neutron sources. In such instances, deuterons
are used as bombarding particles instead of protons since the neutron

yield is much greater.
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The object of the ion source, used on the Virginia
Polytechnic Institute Cockeroft-Walton accelerator, is to produce
s beam current sufficient to obtain the high neutron flux.

Neilerao describes three basic methods of producing a pulsed
beam: (a) plasma pulsing, (b) beam chopping, and (c¢) bunching.
Plasme pulsing is the most direct method but it has the disadvantage
of being built around a gas discharge phenomens which is somewhat
inflexible and is not suseptible to precise analysis and design.

In practice beam chopping is the most popular method and thus
far it has served as the first step for the bunching method.

The beanm chopping method is employed on the V. P. I. Cockeroft-
Walton accelerator and is achieved by means of a deflection ayntemv
consisting of two pairs of deflection plates. An a. ¢. signal across
these plates sweeps the beam across the exit aperture.

Protons have been used in testing this source since the

radiation hazard is less than that in the use of deuterons.



REVIEW OF LITERATURE

In 1946, Thonemn26 gave en account of the earliest develop-
ment in the use of a high frequency discharge as an ion source.,
This source was capable of producing a 10 milliampere beam with a
10 kilovolt probe extraction., Further study was to be made to see
if the use of a magnetic field would increase the ion current.

Rutherglen®3 :n 1947 published an article telling of the
improvements in the Thoneman2® source to increase the proton yield.
In 1951, Moakla described a radio-frequency ion source which is
capable of delivering 1.25 milliemperes of positive ions, over
ninety per cent of which are protons, and has a usable life of
over 500 hours.

Many improvements plus many other positive Ion sources have
been desceribed Iin the literature; Ehlersé; Allison® , Mn*tinau,

lt} gal11, van Dorster??. Allanl, Thonemen20, end MoaklS,

Svann®
The latest of these sources is the duo-plesmatron ion source developed
by Von Ardenne in Germany. This high current source is evaluated

by mla.

A comparison of many of the ion sources is made by Hoyaux and
Duja.rdin‘w. Eubank, Peck, and Truell’ discuss the yield of a radio-
frequency ion source as a function of:

J.‘ r-f power to the gas in the source
2. frequency

3. pressure in the discharge region



4, extraction voltage

In 1947, Cockeroft¥ discussed the possibility of using an
accelerator as a pulsed neutron source. Since that time the
accelerator has became a very valuable instrument in the neutron
studles field. Techniques for pulsing, have been discussed by
Turner?5, Paul®l, and in particular, people at Osk Ridge National
Leboratories such as Kingl*, Parkerl®, Johnsonl3, and Neiler20 who
first announced the use of their pulses in 1955 on a 3 Mev

Van de Graaff accelerator.
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DESIGN AND CONSTRUCTION

In the studies made with the 250 Kev Cockcroft-wWalton
nuclear acceleratar, it is necessary to produce an intense beam
of protons or deuterons. This is done by means of a radio-
frequency ion source which 1s essentially the same as the one
designed by Moekl®, Varietions, which have been mede in the
design of the base of the ion source, are described by Rogersaa.

There are three basic problems to consider in designing and
building a pulsed radio-frequency ion source.

1. Production of an intense atomic ion &ischarge
2. Extraction of the ion current
3. ing of the ion current

The design and construction will thus be discussed as closely
a8 possible to f£it these three problems.

Through the work of Wood3®, Thompson2?, Thoneman®C, and Moax!S,
it has been found that a good atomic ion discharge cen be produced
by an externally applied r-f excitation to a thoroughly cleaned
pyrex vessel.

The ion source consists of a Pyrex discharge vessel and three
aluminum base parte. The Pyrex lon bottle is the same as that
designed by Lioa.kl8 and wae purchased from Radiation Counter
Laboratories of Skokie, Illinois.

To obtain & high percentage yield of singly ionized particles,



the bottle is thoroughly cleaned with a twenty-five per cent
normal solution of hydrofluoric acid and then flushed with distilled
vater.

The dimensions of Part I of the ion source base, which supports
the ion bottle and a magnetic coil, are shown in figure 1. Its
position relative to the other perts of the base and the bottle
are shown in figure 2. Details as to the drilling of the hydrogen
entry canal are the same as those discussed by Rogerse<.

Part II of the base, which was bonded by means of vinyl seal
to a porcelain ring of the accelerator tube, is shown in figure 3.
An "0" ring provides & tight vacuum seal between Parts II and the
deflection systen.

Part III, a critical part of the base since it serves as both
exit canal and cathode for the ions. The most critical dimensions on
this piece are the canal diameter and length. Current is found by
experiment, to very asppreciable with these dimensions. Moakls has
found that current varies with the square of the diameter of the
canal.

The quartz sleeve and Part III of the bese, which is described
below and in detail by Rogers®e, are cleaned with e dichromic
cleaning solution. The quartz sleeve which is placed over the tip
of Part III extends beyond the tip by 5/32 inchea. The length
of this part is also critical since it is used to focus the plasma
on the exit canal. Grinding end fire polishing this sleeve is
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DIAMETER HEIGHT
| | 2.375 0.375
2| 2125 0250
3] 14375 0125
4] 0500 0.0625
5] 021875
A| 5750 0500
B| 4250 0250
C| 30625 1125
D| 1250 0.4375
E 0.500

FIGURE

1
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ION SOURCE ASSEMBLY

SCALE 3: 4

FIGURE 2
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Key to Figure 2

Part II, ion source base
Part I, ion source base
Part I1I, ion source base
"0" ring groove

Hydrogen supply

Magnet coil

Silica sleeve

Pyrex ion bottle

Anode

Secondary electron shield

R-F power coupling leads
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described by Rogersaa.

The oscillator power supply and probe power supply are both
of standard design. Their circuit diagrams are shown in figures
k & 5, respectively.

The oscillator is a copy of the design used by Moakla. It
operates at approximately 66 megacycles and 60 watts. Its cirecuit
diagram is shown in figure 6.

The flow of hydrogen into the bottle is controlled by means
of a palladium leak. Palladium has a definite affinity for hydrogen,
which varies directly with temperature. Temperature changes are made
by varying the current in a wire wrapped around a palladium thimble,
The thimble is wrapped first with mica insulating paper and then with
#34% nichrome wire. FPurther description of the palladium leak is given
by Rogers%.

The container for the hydrogen is an "A" type cylinder with a
capacity of 1/2 liter obtaired from Ohio Chemical and Surgical
Equipment Company. This veesel is equipped with a brass fitting for
an Ashcroft gauge graduated from O to 200 psi, and copper tubing.

Considerable saving in oscillator power can be achieved with
the use of a magnet because it res’i;ricta the paths of the electrons,
thus increasing the probability of ionization of the gas. The magnet
used is capable of producing a field of 455 T gauss, where I is magnet
current in amperes. This magnet consists of 2520 turns of #23

enameled copper wire on a copper spool whose inside diameter is 2.25
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inches and whose height is 1.350 inches.

This megnet was the second one to be used with the ion source.

The original was capeble of producing a field of approximately 500 I
gauss. However, the height of this magnet was almost 2.500 inches.
Thus, it was necessary for one of the r-f loading clips to be pushed
down inside the magnet.

The magnet now in use was made to cover only a small ares of the
ion bottle so that the r-f clips might be outside of the physical
dimengion of the megnet at all times. Experiment has shown that the
elip position relative to the bottle is not eritical once the dis-
charge has been established.,

It became necessary even with the new megnet to remove the top
brass supporting plate of the spool since it wes suspected that this
too might be absorbing r-f power. Upon removel of this plate, currents
of greater than 100 micro-amperes vere realized.

Power to the magnet is suppliied by means of a full-wave selenium
rectifier, whose output rating is approximately 2 amperes at 90 volts.

Allison® recommends & television focusing coil for use &8 a
focusing magnet. In his experiments he used a Merit MF-4 coil with
a resistance of 1000 ohms and a current rating of 100 milliamperes.

Wiring diagram and schematic for the magnet and selenium rectifier
are shown in figure 7.

The deflection system consists of a cylindrical section made
up of porcelain and aluminum rings. This system is pictured in figures
8&9.
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DEFLECTION SYSTEM
FIGURE 8
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DEFIECTTON SYSTEM SECTICNS
(The left section has been reversed to show details of the deflection plates.)

FIGURE 9
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The middle section of the system is made up of two porcelain
insulators glued to an aluminum disk, which houses the center
section of the einzel lens. The upper and lower aluminum sections
each house a palr of deflection plates and a lateral section of the
einzel lens. A sectional view of the agsembly is shown in figure 10,
Potentiel is applied to the deflection plates by means of the kovar
seal termirals on fhe outer extremities of upper and lower aluminum
pleces.,

Voltage to deflect the beam is supplied by means of conventional
pover transformer, rated at 400 volts, GO cycles.

The einzel lens is used to focus the beam'innide the deflection
system. A positive potential, which is very nearly equal to the anode
potential of the ion bottle, is applied to the center section of the
lens system. This potential is supplied by & power supply whose maximum
output is 3200 volts.

A D. C. bias is applied to the deflection plates for aligmment
of the beam. This bias is supplied from a wverieble voltage power supply
whose maximum output is 425 volts. Wiring diagrams for these two power
supplies sre ghown in figures 11 & 12, respectively.

The ion beam is focused by means of a focusing electrode placed
between the first and second electrodes of the accelerator tube., A
drawing of this electrode is shown in figure 13.

A variable voltage is applied to the electrode by means of a

rheostat, the basic design of which is the same as-that of Hahn3l,
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The rheostat used has been altered from the original design to fit
the voltage requirements of this accelerator. The resistors used were
470k ohm.

Variac control is used on the probe power supply, palladium lesk,
magnet supply and deflection system focusing. The varilacs are
Powerstat variable transformers, type 10, obtained from The Superior
Electric Company of Bristol, Connecticut.

All the electrical components of the ion source are mounted to
a box type frame which is shown in figure 14, This unit was
febricated from aluminum. All the components are housed in a
c¢ylindrical aluminmum tank which acts as the high potential electrode
for the accelerator, see figure 15. The stainless steel dome for this
tank was obtained from Oak Ridge Nationel Laboratories.
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ION BOTTLE AND DEFLECTION SYSTEM
FIGURE 16
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OPERATION AND PERFORMANCE

The performance of a pulsed radio-frequency ion source is
greatly dependent on the construction of its many perameters. Its
dependence on such factors as

1. r-f power to the gas in the source
2. frequency
3. pressure in the discharge region, and
k, extraction voltage
is discussed by Eubank(.

Many of Eubank's results have been verified by the experiments
run on this ion source. It has been the purpose of these experiments
to £ind the conditions which result in the optimm output of the ion
source.

Due to the high voltage iavolved in accelerator work, it is
necessary to operate all of the controls from behind a screen by
means of bakelite control rods.

As discussed by Mbakls it is necessary, when one of these sources
is first started, to allow time for the bottle to clean up. After
about 15 minutes, the discharge changes from pale blue to white to red.
The magnetic field will produce a very pronounced reddenning and an
increase in intensity. After the warm up pe-ilod the probe voltage
may be increased and the extraction process may be begun.

Three divisions have been made in obtaining data for the performance

of this source.



Measurement of the current at:
1. The base of the icn source
2. The exlt aperture of the deflection system

3. The beam catcher at the end of the sccelerating
column

The cwrrent {ium the source itself was optimized and measured.
To cobtain the maximu output from the source requires much care
especially if currents greater than 100 micro-amperes are to be
realized,

A matter of foremost importance in obtaining high ion currents
is that of proper coupling of the r-f power to the ion bottle.
Moa.k]'8 describes the proper method of clipping on to the oscillator
tank coil. However, it is very easy to misinterpret his description.
He claims that the best losding is obtained by clipping the r-f leads
to the tank coll approximately 2/3 of the distance from the center-tap
to the plates. This is properly interpreted if it is imagined that
the coil is unwound ard is loaded while in its straight position.

Proper coupling to the ion bottle, by means of the VG-1A
ionization-gage plate clips, is also very important. It has been
found, by experiment, that the position of the two clips relative to
the bottle is not as pertinent as the distance between the clips.
However, there is an exception to this in that greater output was
realized when neither clip lead was placed inside the spool of the
magnet. It seems almost certain that the magnet loads the oscillator

under such conditions., Approximately two inches between the clips seems



to give optimm results fram the source.

Beam current also depends on Part III of the ion source base.

In particular, the dimensions of the exit hole in both diameter and
length are very critical.

Some experimentation was done in varying the critical dimensions
of this piece but this work was not carried far enough. The results
of somc :. Lh2 changes made in the tip dimensions are shown in table
1. One change which vill'pro‘oably be permanent is the increase in
canal diemeter from .04 inch to .0625 inch. The larger exit hole is

necessary to meet the requirements for a large beam current.

TABLE I
ALUMINUM TIPS
T lio. Canal X Y Z  Mex. Current
:} $ 3 Dia' $ $ } 4 masure
¥ X JOh™ |40 L2257 060" |40 micro. amp.
! 1/16" [.343" L225" 1.060" |40 micro. amp.
' 1/16" |.440" 1.225" L0GO" |5k miero. amp.
/ HN \ > 1/16" |.440" 163" 060" |40 micro. amp.
N

o conclusive argument can be derived fram the data in table 1,
except to say that the maximum output of the source seemed to be
around 40 to 50 micro-amperes. Obviously some other parameter in
the system needed to be changed in order to increase the current.

As has been noted in the section "Design and Construetion"”, the
brass supporting plate of the magnet was removed since there was
reason to suspect that it was absorbing r-f power. Upon removal of
this plate & current of 100 micro-amperes was measured. Adjw tment

of the pressure and the probe voltage to obtain peak conditions
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increased the current to 150 micro-amperes. This appears to be
the maximum stable output of the source under the present conditions.

As is indicated gbove the output beam current passes through
a maximm when pressure and probe voltage are varied. This should
also be true of the magnetic field, but thus far the maximum beam
current has been obtained with the magnet current at its maximm
value of approximately 2 amperes. This is a strong recommendation
for looking into the use of a television . ~cus coil as suggested by
Allison®.

At present the probe voltage which gives the maxirmm beam
current is approximately 2 kilovolts. The peak due to pressure
appears &t a pressure of about 1 mm. of Hg. gbove the base pressure.

Moak states that currents greater than 1 milliampere are
obtainable with this source. It therefore seems advisable to make
a further study of current variation with the dimersions of Part III
of the base.

The next requirement was to obtain maximum current through the
deflection system. There were three points of attack in achieving
a large current through this system.

1. Aligmment of the beam
2. Focusing of the beanm
3. Diameter of the exit aperture

With no consideration given to any of the above, less than 1

micro-ampere was measured on the output of the system with an input

of 120 to 150 miecro-amperes.
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Due to the fact that the deflection system is in three sections,
sccurate aligmment is very difficult. Aligmment of the beam is
achieved by placing a variable D. C. bias cn the deflection plates.
The D. C, bias thus shifts the position of the besm until it is on a
line with the apertures. The potentials placed on these plates have
been seen to vary from 25 volts to 40O volts depending on the care
shown in placing the system on to the accelerator tube,

Due to the natural divergency of the bean it is necessary to use
focusing’ of some type on the beam inside the deflection system. The
einzel lens gystem described by Mngmnl6 for a proton microscope is
ugsed in this aperatus. The einzel lens consists of three sections with
the middle section having & high positive D. C. potential applied.
The two lateral sections are placed at dome potential. Magnenl® says
that the positive potential should be very nearly equal to the probe
extraction potential for optimm results. Experiment has shown that
this is a good approximation.,

ith proper focusing and aligmment, a wmaximm beam current of
30 micro-amperes was measured at the output of the deflection system.

The next area of concentration was the diameter of the exit
aperture. It was dec ded to enlarge this hole from .02 inches to
0.161 inches.

After such a change & current of 90 micro-amperes was measured on
an aluminum foil at the exit of the system. Further investigation of
the variation of current with the diameter of this hole seems to be

in order.



Transferring & majority of the beam down the accelerating
column at an accelerating potential of 200 Kilovolts involves
problems in alignment and focusing. The aligmuent problem must be
solved, it appears; by making a physical adjustment in the alignment
of the accelerator tube with respect to the target chamber.

A variable voltage is applied to the electrostatic focusing
electrode to obtain focusing, on a beam catcher at the end of the
column, to0 a spot with a diameter of approximately 0.5 cm.

A maximm current of &0 micro-amperes wss measured on the
catcher with all the optimum conditions stated above. It is
believed that with proper care and further investigation, currents
greater than 150 micro-amperes can be realized.

The beam is pulsed by sweeping it across the exit aperture of
the deflection system with a 400 volt 50 cycle signal,

Oscillograms of the pulse shapes are shown in figures 17 and 18.
Figure 17 is the pulse shape seen at the exit of the deflection systen.
Figure 17a. is the pulse shape before the exit hole was enlarged and
figure 17b. is the pulse shape after enlargement to 0.10l inches.
Figure 18 shows oscillograms of the pulse shape seen at the beam
catcher. The oscillograms are plots of beam cuwrrent as a function of
time. As the 60 cycle signal sweeps the beam across the exit aperture,
a positive pulse is produced. Two pulses are produced for every cycle
since the beam is swept across the gperture on both the positive and
negative halves of the cycle. This gives a total of 120 pulses per
second. Figure 18a. as well as figures l7a.and b. show one pulse
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coming immedistely after the other. This is due to the fact that
the beam was not aligned properly inside the deflection system by
meens of the D. C. biss. The oscillogram in figure 18b. was made

with proper bias.



(a)
PULSE SHAPE AT DEFLECTION SYSTEM APERTURE
(HOLE DIAMETER OF .082 INCHES)

(v)
PULSE SHAPE AT DEFLECTION SYSTEM APERTURE
(HOLE DIAMETER OF 0.161 INCHES)

Figure 17
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A pulsed radio-frequency ion source for the V. P. I. 250
Kev Cockeroft-Walton accelerator has been constructed and put
into operation. Currents of 60 micro-amperes, which would give a
neutron yield of approximetely 10' neutrons / Cm? - sec., have been
measured. Current of this magnitude has been achieved with the
following conditions:

base DresSsure ccececccscsscvcsssncecesce 565 X lO'?ll. of Hg.
Ommting Pré8OUre ,csscccvce0scccnsscne 508!10- . Ofik.
pro'be VOltage ceeessesssssscsssnccecsnes 2000 Vv,
D. c. bi“ 0000000000000 00000000CCTNGOITS 2h v.
(vottom deflection plates)
D. c. bi“ ..'.'......."....‘.'....... 75 v.
(top deflection plates)
focusing voltage eccesccccscsceosecseces 2100 v,
(einzel lens)
accelerating voltage ceescssssscscceces 200 kv,

The Moek type ion source is capable of producing currents of
1 milliempere. It therefore, seems reasonsble to assume that this type
source used on the V. P. I. Cockeroft-Walton eccelerator will yield
currents greater than 60 micro-amperes.

Further investigation of three areas in particular should lead
t0 increased current outputs:

1. Vary the canal diameter and length in the elumimmm
tip of Part III of the iomn source base.

2. Increase magnetic field and investigate the recommendations
made by Allison.

3. Increase the plate voltage to the oscillator. )bukls
recomnends 900 volts. Only 500 volts are being used
at the present time on the source.
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ABSTRACT

A Moak type radio frequency ion source, capable of producing
& pulsed beam of deuterons has bee:n built for use with a Cockeroft-
Walton accelerator.

Pulsed deuterouns striking a deuteron target produce reutrons in
bursts thus allowi.g dynamic measurements of moderator and reactor
core properties. Beam pulsing is accomplished by means of an einzel
lens and a: alternating potential applied to a pair of deflection
plates.

Protons have been used exclusively in adjusting tie source for
optirum results since the radiatiorn background due to protons is much
less than trat due to deuterons. In actual experiment, however, when
usiig deuterons, no modifications need be made i: the source.

Beam curre:.ts have begn measured at tie source and at a target
located at the end of tine sccelerator tube. Maximum currents measured
are 150 microamperes and 00 microamperes respectively.

petails of constructiorn, maximum operating conditions and

oscillograms of pulse shepes are included in this report.
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